We have isolated thirteen different bacterial strains as poly -caprolactone (PCL)-degrading bacteria from the Kurile and Japan Trenches at a depth of 5,000-7,000 m (deeper ocean bottoms). The isolates belong to the Shewanella, Moritella, Psychrobacter and Pseudomonas genera. This is the first record of PCL degrading bacteria isolated from deep-sea environments at depth of over 5,000 m. Six strains of the isolates, numbered CT01 in genus Shewanella, CT12, JT01 and JT04 in genus Moritella, JT05 in genus Psychrobacter, and JT08 in genus Pseudomonas were selected for investigation of their cell shapes, degrading abilities for several aliphatic polyesters, and growth profiles. The cell shapes of the strains, except JT05, were rod-shaped, non-spore-forming and motile by means of a single or multi polar flagella. The cell shapes of JT05 were coccal with no visible flagella. From the results of degradation tests on six different alihphatic polyesters, all strains could degrade only PCL. Strains CT01, CT12, JT01 and JT04 are psychrophilic and pressure tolerant bacteria and three strains except JT04 showed typical piezophilic growth profiles. Therefore, it is possible that these strains might play a role in degrading aliphatic polyesters under deep-sea conditions, ie., low-temperatures and high hydrostatic pressures.
of Sciences report, approximately 4.5 x 10 4 metric tons of plastic are discarded to the ocean annually (Edward, 1975) .
Therefore, the ocean is a common environment influenced by plastic pollution. Specifically, the deep-sea floor has the potential of being the final site for plastic wastes. Actually, abundant plastic wastes have often been found during deep-sea investigations using research submersibles (Fujikura et al., 2008) . Partial replacement of non-degradable plastics with biodegradable polymers is one strategy for reducing the negative environmental impact caused by plastic materials since the biodegradable polymers can be degraded by microorganisms (Tabata and Kanehiro, 2004) . Several biodegradable plastics, such as poly -hydroxybutyrate (PHB), poly -caprolactone (PCL), poly ethylene succinate (PES), poly butyrene succinate (PBS) and poly lactic acid (PLA), have been discovered (Tokiwa and Calabia, 2004) .
From deep-sea environments, numerous cold and highhydrostatic pressure adapted microorganisms, called piezophiles, have been isolated and characterized (Alain et al., 2002; Kato et al., 1995; Kato et al., 1998; Kato et al., 2008; Nogi et al., 1998a; Nogi et al., 1998b; Nogi et al., 1999; Nogi et al., 2002; Nogi et al., 2004; Nogi et al., 2007; Xu et al., 2003; Yanagibayashi et al., 1999; Yayanos, 1995) . These bacteria are able to survive at low temperature and high-pressure conditions. The current research focus is on the interactions between the deep-sea environment and its microbial inhabitants. However, there is no current information related to screening for useful piezophilic bacteria. In addition, it can be assumed that plastic degrading bacteria in the deep-sea environments might also be piezophiles.
In our previous study, we isolated PCL-degrading bacteria from deep seawaters at depth of 300-600 m and investigated their cultural characteristics and relative abilities to biodegrade several aliphatic polyesters (Sekiguchi et al., 2009 conditions. These operations were carried out on ice. The sediments were kept under these conditions until microbial growth was confirmed.
The sediment maintained at 50 MPa in pressure vessels was observed with a fluorescence and phase contrast microscopy system (Olympus Co., Japan) for confirmation of microbial growth. The cells were stained with diamidino -2-phenylindole (DAPI).
The screening procedure for PCL-degrading bacteria from the deep-sea environments using a PCL-granule agar media and high-pressure (HP) cultivation (DEEPBATH) was described by Sekiguchi et al. (2010) . The medium of 1.0 L contained: 1.87% MB, 1.5% NaCl, 0.35% KCl, 5.4% T. Sekiguchi et al., colony was obtained.
Extraction of chromosomal DNA from isolates was conducted according to the method of Saito and Miura (1963) .
16S rRNA genes were amplified using the PCR method with primers Eubac27F and Eubac1492R (DeLong, 1992) . The amplified DNA was sequenced by a direct sequencing procedure to determine species relatedness. Nucleotidesubstitution rates (Knuc) (Kumira, 1980) were also determined and phylogenetic tree was constracted by using the neighborjoining (NJ) method (Saitou and Nei, 1987) with the CLUSTAL W program (Thompson et al, 1994) . Alignment gaps and unidentified base positions were not utilized in the calculations. The topology of the phylogenetic tree was evaluated by bootstrap analysis with 1000 replicates. The DNA sequences accession numbers reported in this paper were AB554717 to AB554729. 
The sediments obtained from the Kurile and Japan
Trenches at depth of 5,000-7,000 m were maintained at 4 C, 50 MPa with PCL films in the pressure vessels for isolation of HP adapted PCL-degrading microorganisms. Two weeks later, bacterial growth was confirmed around PCL films (Fig. 2) .
Sediment fluids positive for bacterial growth were inoculated for secondary HP cultivation using the DEEPBATH system.
Next, the HP mixed cultivation fluids were placed onto agar plates containing 1% PCL granules at 4 C. After several days, bacterial colonies with clear zones (halo-formations) were observed on the PCL-granules agar plates (Fig. 3) . We also confirmed halo-formation under high-pressure conditions using the same medium (Sekiguchi et al., 2010) . A total of thirteen different PCL-degrading bacterial strains were identified based on the 16S rRNA gene sequences comparisons. A phylogenetic tree based on 16S rRNA gene sequences is shown in Fig. 4 .
Eight strains of these isolates, CT05, CT06, CT08, CT12, CT13, JT01, JT02 and JT04, were closely related to Moritella sp. and three strains, CT01, CT03 and CT07, were closely related to Shewanella sp., respectively. Strains JT05 and JT08
were closely related to Psychrobacter sp., Pseudomonas sp., respectively. These related species have not been previously reported as aliphatic-polyesters-degrading bacteria. Thus, this is the first report, which confirms that PCL-degrading bacteria are distributed in deep-sea environments at depth of over 5,000 m and they could play a role in degrading aliphatic polyesters under deep-sea, low temperature and high-pressure conditions.
Isolation of biodegradable plastic degrading bacteria from deep sea Six strains in the isolates, CT01, CT12, JT01, JT04, JT05 and JT08, were selected based on the phylogenetic relations shown in Fig. 4 and their characteristics were determined.
The cell shapes of the isolates, except JT05, were rodshaped, non-spore-forming and motile by means of a single or multiple unsheathed, polar flagella (Fig. 5) . Specifically, strain JT01 had multiple polar flagella, whereas other Moritella species had a single polar flagellum. For strain JT05, cell shapes were coccal and no visible flagella.
The degrading activities with several aliphaticpolyesters, PCL, PHB, PBS, PBSA and PLA, were investigated for these isolates with the clear-zone methods (Table 1 ).
According to the isolation procedure, all of the isolates were Thirteen bacterial strains were isolated in total as PCLdegrading bacteria from the sediments collected from the Kurile and Japan Trenches. The isolates belong to the genera Shewanella, Moritella, Psychrobacter and Pseudomonas. This is the first report that PCL-degrading bacteria were isolated from deep-sea environments at depth over 5,000 m. From the results of the effects of temperature and hydrostatic pressure on the growth of the isolates, the isolates belonging into the genera Shewanella and Moritella were shown to be psychrophilic high-pressure adapted bacteria. Therefore it is reasonable to assume that these strains might play a role in degrading aliphatic polyesters such as PCL, at the deep-sea bottoms.
We demonstrated in this study that some biodegradable plastic materials might not be able to be degraded by deep-sea microorganisms. Thus, to identify new biodegradable materials for ocean environments, our isolates could be useful for evaluation of such new materials. Based upon the results of our study, the utilization of aliphatic polyesters in commercial products such as disposable shopping bags and fishing gear might be able to reduce their negative environmental impact particularly at the bottom of the seas.
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